We are developing a widely wavelength-swept fiber laser based on dispersion tuning method for application to swept-source optical coherence tomography (SS-OCT) imaging. We successfully obtained the in-vivo OCT picture of the human skin.
Introduction
Optical coherence tomography (OCT) is a noninvasive cross-sectional imaging technique [1] . The light is input into the Michelson interferometer and the internal image of the sample is produced from the interference signal between the scattered and reference light beams. The system using a wavelength-swept laser and acquiring the interference signal by a photodetector is referred to as swept-source (SS)-OCT. The wavelength swept laser with wide range and fast sweep rate is desired for the SS-OCT system.
We have demonstrated a filter-less wavelength-swept fiber laser based on the dispersion tuning technique [2, 3] . In this paper, we apply the dispersion tuned fiber laser at 1.3 µm band to the SS-OCT system for the first time to the best of our knowledge. The tuning range of the laser is about 140nm at the sweep speed of 10kHz, and about 100nm at 200kHz. The average output power is 8mW. The OCT image is successfully obtained at 1kHz sweep rate, which was limited by mismatch between the laser and the OCT system. The result shows the feasibility of the SS-OCT imaging system with a new style wavelength-swept fiber laser.
Laser characteristics
The principle of the dispersion tuning is mode-locking of a dispersive laser cavity. When the light in the laser cavity is intensity modulated at the integral multiple frequency of the free spectral range (FSR), the light is actively modelocked. In a dispersive cavity, the FSR depends on the wavelength. Therefore, the light oscillates at the specific wavelength corresponding to the modulation frequency. The change of lasing wavelength λ ∆ can be expressed as,
where n is the nominal refractive index of the cavity, c is the speed of light in vacuum, D is the dispersion parameter, mo f is the center of the modulation frequency, and m f ∆ is the change of the modulation frequency [2, 3] . Equation (1) indicates that the lasing wavelength can be swept linearly by sweeping the modulation frequency. Fig.1 shows the setup of the dispersion-tuned wavelength-swept fiber laser. The semiconductor optical amplifier (SOA) is directly modulated for mode-locking and 100m long dispersion compensating fiber (DCF) is inserted to increase the dispersion of the cavity. The dispersion parameter D is about -120ps/nm/km and center modulation frequency mo f is 461MHz. In order to sweep the lasing wavelength, the modulation frequency m f is linearly swept around the center frequency by the function generator (FG). Fig.2 shows the peak-hold spectra at various sweep rates. Decrease of the optical spectra is because of the integral time of the optical spectrum analyzer. 
OCT application
We applied the dispersion-tuned wavelength-swept fiber laser to the OCT system. Fig.3 shows the setup of the SS-OCT system. Fig.4 shows the point spread function of the laser at the sweep rate of 1kHz. The signal at near 0mm is the system noise. The axial resolution of the system, which is read from the full width at half maximum (FWHM) of the peak, is 16.0µm, which is about three times worse than the theoretical value. The -6dB drop-off depth is 0.38mm. The sensitivity read out from the graph is 52dB. As we use the -35dB AR-coat mirror, the effective sensitivity is about 87dB. 5 shows the OCT image of the human finger. The picture is taken at the sweep rate of 1kHz. The stripe pattern near the surface derives from the system noise. The sweat gland under the surface of the finger can be observed near the center of the image. We could not take pictures at higher sweep rate because of the mismatch between the laser and the OCT system. 
Conclusion
We have applied the fast and wide wavelength-swept fiber laser based on the dispersion tuning technique to the SS-OCT imaging system for the first time. The image of the human finger is obtained successfully. To enhance the laser performance at the higher sweep speed, the cavity has to be shortened in order to reduce the photon lifetime. The DCF of 100m should be replaced by other highly dispersive devices, such as the chirped FBG.
